Recycled aggregate (RA) and recycled powder (RP) are the primary products of the reclamation of construction and demolition (C&D) wastes, and the question of how to use them to prepare recycled aggregate concrete (RAC) and recycled powder concrete (RPC) has been a hot topic in the construction industry in China. As concrete structures are frequently subjected to the effects of both applied loads and chloride attacks, it is necessary to examine their effects on both RAC and RPC, which have received little consideration in previous investigations. In this study, RAC and RPC were firstly prepared by using RA and RP, respectively, to replace natural coarse aggregate and cement by weight. For each type of recycled concrete, sustained load and repeated load tests were then conducted, followed by a chloride diffusion experiment after unloading. e results indicated that the chloride penetration increased with the loading degree as well as the repeated load cycles. As the RP used in this study has high fineness and activity, the chloride penetration of RPC was lower than that of natural concrete, while the opposite result was found in RAC. Besides, the correlation between the chloride diffusivity and the imposed loading damage was also established in this study.
Introduction
Concrete structures are usually subjected to harsh environments, freeze-thaw cycles, chloride and sulfate attacks, etc. [1] [2] [3] . Acting as the most important indicator of durability, chloride attacks frequently cause the steel to corrode in reinforced concrete and thus decrease the service life of the concrete structure [4, 5] . About 80% of the structural failure was caused by the chloride penetration in the reinforced concrete according to the statistics [6] . Steel corrosion induced by chloride penetration is generally considered as a durability issue of the reinforced concrete around the world, especially for some environmental considerations [7, 8] . Moreover, the chloride penetration behavior is closely related to the mix proportion, pore structure, water content, and the exposed environment of concrete.
In practice, the concrete elements are inevitably subjected to loading conditions, and the properties of natural concrete (NC) with the coupling effect of applied loads and chloride penetration have been widely investigated. Wang et al. [9] and Ma et al. [10] investigated the impacts of sustained loads on the chloride diffusivity of NC, and the results indicated that the chloride penetration behavior is significantly influenced by relatively high levels of loads. A study conducted on the chloride diffusivity after unloading showed that the permeability increased with an increase in preload levels [11] . For loads that exceed 60% of the ultimate compressive load, Saito and Ishimori [12] demonstrated that the chloride penetration behavior of concrete is significantly increased with an increase in the repeated load cycles. Furthermore, Wang et al. [9] , He and Gong [13] , and Ye et al. [14] found that an increase in flexural loads resulted in an increase of chloride penetration behavior. Several mathematical models and new testing methods have been developed to reveal the chloride migration in concrete with compressive loads or cracks [15] [16] [17] . e use of cementitious materials or fibers is able to reduce the penetration of chloride ions into mortar or concrete, which may be helpful to improve the durability under applied load condition [18] [19] [20] .
With the rapid development of economy and construction industry, large amounts of construction and demolition (C&D) wastes are being produced, and it was estimated that about 1.8 billion tons of C&D wastes were produced in China in 2017 [21, 22] . e disposal of such C&D wastes at landfills will inevitably induce a series of environmental problems, since the C&D wastes may contain hazardous substances, leading to land occupation, water pollution, etc. [23, 24] . e amount of waste concrete and bricks accounts for 70-90% of the total amount of C&D wastes [25] , so technologies have been proposed to crush the C&D wastes into recycled aggregate (RA) or recycled powder (RP), which can be used as alternatives to natural aggregate (NA) or cement to prepare recycled aggregates concrete (RAC) or recycled powder concrete (RPC), respectively.
e properties of RAC have been deeply investigated, and it has been shown that the alternative use of RA generally decreases the mechanical properties [26] [27] [28] [29] and aggravates the durability degeneration of concrete; for example, a significant rise can be noticed for the chloride diffusivity of RAC with an increase in RA content [30, 31] . Due to the relatively high water absorption, the effective reuse of recycled fine aggregate (RFA), as well as the RP produced in the production of RA, is a major problem.
In recent years, many researchers have attempted to develop RP of ultrafine particles through further processing of RFA and waste powder to partially replace the cement in concrete. As reported in [32, 33] , there are some active substances and high SiO 2 content in RP that has been prepared from C&D wastes, and the properties of the concrete are little affected when the RP replaces up to 15% of the cement. Furthermore, a study conducted by Xiao et al. [22] demonstrated that the use of RP in concrete might reduce its workability and increase the risk of early age cracking, even though the mechanical properties were slightly improved. e chloride ion penetration behavior is closely related to the water content in concrete, which is an important medium for the migration of chloride ion [10, 34] . Gao et al. [35] found that the water penetration behavior of RAC was greatly affected by the imposed loading damage that increased much higher than that of NC after suffering the same load history. It suggests that the chloride penetration behavior of RAC may be also impacted by the applied loads that further investigation should be conducted. However, for the chloride diffusivity of RAC and RPC, the effects of applied loads were received little consideration in the previous investigations.
Considering that RAC and RPC may be inevitably subjected to the dual influence of applied load and chloride erosion in practical application, this study aims to investigate the effects of applied loads on the chloride penetration behavior of RAC and RPC firstly, and each dosage of RP and RP, together with the types and levels of applied loads, was considered as the main parameter. Additionally, the relationships between the chloride diffusivity and the induced loading damage were also established to provide some necessary data for the design of more durable recycled concrete.
Materials and Methods
As shown in Figure 1 , the chloride penetration behavior of RAC and RPC with preload damage, including a sustained compressive load and repeated compressive load, was mainly examined in this study. Firstly, concrete with different dosages of RA and RP were prepared with the fundamental characteristics of RAC and RPC determined. en, different types and levels of compressive loads were applied to RAC and RPC specimens, respectively, to induce the corresponding loading damages, the effects of which on the chloride penetration behavior of RAC and RPC were carried out through the chloride diffusivity test after unloading.
2.1.
Properties of RA and RP. RA (5-25 mm) adopted in this study was almost entirely produced by crushing waste concrete and waste brick. e fundamental characteristics of RA were determined according to the Chinese standard "Recycled coarse aggregate for concrete" (GB25177-2017), and their adhered old mortar content was obtained by using the acid pickling method [36, 37] . As shown in Figure 2 (a), the size distribution of RA meets the requirements of the Chinese standard "Pebble and crushed stone for building" (GB14685-2001). Although the grading curves of RA and NA both meet the requirement of the Chinese standard, the particle size of RA is generally higher than that of NA. Table 1 gives a comparison on the properties of RA and NA, and it can be noticed that the properties of RA are generally weaker than those of NA due to the presence of adhered old mortar, which has a mass of initial cracks and pores. It is worth noting that the water absorption of RA adopted in this study is about 4.3 times higher than that of NA, which should be considered during mix design and concrete preparation.
In China, brick-concrete buildings are a common building type in most areas, and many are currently being demolished, among which the waste brick and waste concrete account for 70-90% of the total waste [25] . e C&D wastes were also used to produce RP by a fine grinding treatment, and the produced RP can be used to replace part of the supplementary cementitious materials to produce RPC. As regards the RP examined in this study, its particle size distribution (Figure 2(b) ) was determined by a particle size analyzer, and it was found that particle sizes below 45 μm accounted for about 92%, which meets the requirements for class I powder in terms of the Chinese standard GB1596-2005. Furthermore, the RP's average particle size (9.06 μm) was even lower than that of OPC, while its specific surface area, 639.6 m 2 /kg, was about 1.83 times larger than that of OPC. Advances in Civil Engineering 3 ratio of X by mass. e secondary mixing method was used to prepare the RAC. As RA used had a relatively high water absorption rate, additional water was firstly mixed with RA to pre-wet it, with the other materials added subsequently. For all of the mixtures, the target slump was maintained at approximately 90 ± 5 mm by adjusting the amount of polycarboxylate water reducer (Sunray Ltd. in Shanghai). After the mixing and workability test, cube specimens of 100 × 100 × 100 mm 3 were cast and the demolded specimens were cured at a temperature of 20 ± 2°C with the relative humidity of about 95% for 7, 28, and 56 d. As RP used in this study has a high water demand due to its irregular and porous microstructure, an increasing amount of water reducer was required for the RPC with a higher content of RP to achieve a similar target slump value, as shown in Table 3 . For each testing condition, three specimens were tested to obtain the average value of each required age.
Sustained Load and Repeated Load
Tests. Two types of compressive loads, sustained compressive load and repeated compressive load, were adopted in this study. For the sustained load test, four levels of load, 0% (without an applied load), 40%, 60%, and 80% of the ultimate compression load (f c ), were considered. e applied loading test, in accordance of the Chinese standard of GB50081-2002, is shown in Figure 3 (a). As regards the repeated load test, only one level-60% of the ultimate compression load was adopted with different cycles (0, 1, 10, 20, and 30), and the repeated load curves can be seen from Figure 3 (b). After each test, the applied loads were unloaded, and the corresponding imposed damage to RAC and RPC was determined by an ultrasonic concrete tester.
e relative dynamic elastic modulus (E rd ) is closely related to the numbers of cracks and pores in concrete, and it is frequently used to quantize the induced damage to concrete exposed to a load condition or a harsh environment. Meyers [40] gave the relationship between the ultrasonic wave velocity and dynamic elastic modulus, as shown in equation (1). Tegguer et al. [41] further proposed a method of determining the loading damage of concrete with the uniaxial compressive loading by the relative ratios of modulus in elasticity, as shown in equation (2):
where C is the ultrasonic wave velocity; E rd stands for the relative dynamic elastic modulus; p presents the concrete density; υ is Poisson's ratio; D means the damage level of the load; E and E 0 represent the elastic modulus of the concrete with and without an applied load, which can be obtained by the values of the sonic time or the wave velocity; and T i and T 0 are the sonic time with and without an applied load.
Chloride Diffusion Test.
e chloride diffusion test was carried out on the specimens after removing the load, and Figure 3 (c) shows a flow chart for the chloride diffusion test. For each mixture, a specimen with a certain amount of preload damage was firstly placed in 5% NaCl solution for 60 days, and then it was oven-dried until it showed no further variation in mass. Immediately after that, one layer of the specimen with a thickness of 2-5 mm, exposed adequately to the NaCl solution, was milled to obtain a concrete powder, which was then mixed with the distilled water for 24 h to make the free chloride ion dissolve completely.
en, the chloride content of the obtained solution was determined using the chloride ion selective electrode (ISE) method in accordance with the Chinese standard "Technical specification for test of chloride ion content in concrete" (JGJ322-2013).
e chloride ion diffusion behavior in the saturated concrete can be described by Fick's second law, as shown in equation (3), while the force of chloride diffusion is mainly provided by the difference in chloride concentration; moreover, the chloride diffusion coefficient can be obtained by the data fitting for the chloride ion content [5, 42, 43] : 
where C(x, t) stands for the chloride ion content at a depth x (m) and exposure time t (s); C S (%) represents the surface chloride content; C 0 (%) is the initial chloride content of the concrete; and D ap means the chloride diffusion coefficient (10 −12 m 2 /s), which can be obtained by fitting chloride profiles with the least-squares method.
Results and Discussion

Fundamental Characteristics of RAC and RPC.
e compressive strength of concrete with various amounts of RA content is shown in Table 4 . As is generally accepted, the compressive strength of RAC reduced with an increase in the RA replacement ratio. After 28 days of curing, the reduction in the compressive strength was found to be about 4%, 8%, and 15% for the RA replacement ratios 33%, 66%, and 100%, respectively. is can be attributed to the inferior properties of the adhered old mortar and the ITZ on RA, which has many initial cracks and flaws that aggravate the degeneration of the concrete's mechanical properties under compressive loading.
e hydration heat test in compliance with the Chinese standard "Test methods for heat of hydration of cement" (GB12959-2008), along with the thermogravimetric analysis and chemical composition tests, was conducted to investigate the effects of RP on the properties of the binding materials, and the results are shown in Figure 4 [33] . As can be seen in Figure 4 (a), the addition of RP improves the hydration reaction and results in a decrease in the heat peak time of the binding materials, since RP with the high fineness has a high activity and may promote the hydration reaction of the binding material. e maximum heat flux of the RPcement mixture is even higher than that of the control cement paste when the RP replacement ratio is 12.5%, and then it decreases with a further increase in the replacement ratio. Particularly, the heat flux with a 50% RP replacement ratio reduces sharply: only 72.6% of that of the control cement paste. is can be attributed to the reduction of CaO in RP, which slows down the hydration reaction, especially when the mixture contains a high volume of RP.
Figure 4(b) shows the thermogravimetric analysis (TGA) results of RPC after 28 days of curing, which highlights three endothermic peaks on the curves. e first peak for all of the mixtures occurs at the decomposition stage of C-S-H and ettringite with a temperature of 80-130°C. e paste with 25% RP replacement ratio possesses the highest peak value, 
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indicating that an appropriate content of RP is beneficial to improve the hydration reaction of the binding materials. e second endothermic peak occurs at the decomposition stage of Ca(OH) 2 into CaO and H 2 O with a temperature of 400-500°C, which highlights that the alterative use of RP leads to a reduction in the Ca(OH) 2 in pastes. e third endothermic peak happens at the decomposition stage of CaCO 3 into CaO and CO 2 with a temperature of approximately 700°C. As the main composition of RP is CaCO 3 , the peak strength of the third endothermic peak increases with an increase in the replacement percentage of RP. Figure 4 (c) shows the compound composition of concrete mixed with various amounts of RP via the X-ray fluorescence test. e results highlight the increase in the content of SiO 2 as more RP is added. is is because RP is mainly produced by the grinding of waste concrete and bricks, which contain a mass of SiO 2 . erefore, replacing the cement whose main content is CaO, by the same weight of RP, significantly enhances the SiO 2 content and meanwhile reduces the CaO content in concrete. e addition of RP results in a decrease in the hydration products of the binding materials, especially for the concrete mixed with a high volume of RP, because CaO is the main component that takes part in the hydration reaction. Figure 4(d) shows the compressive strength of RPC with various amounts of RP content after 28 days and 56 days curing, respectively. Similar trends can be noticed for RPC at different curing ages. When the replacement percentage of RP is below 30%, the compressive strength of RPC is equal or even higher than that of NC. However, for RPC prepared with 45% RP, the compressive strength drops greatly when compared with that of NC. is is mainly due to the improvement in the concrete's density by the use of RP, in which the compressive strength is correspondingly increased when the RP replacement in concrete is no more than 30%. When the RP replacement reaches 45%, the compressive strength significantly decreases due to the reduction of hydration products in the concrete.
Chloride Diffusivity of RAC and RPC without Preloading
Damage.
e chloride penetration behavior of RAC without the preloading damage was determined, and the results are described in Figure 5 . e surface chloride content and the chloride diffusion coefficient of concrete increased with the increase of RA content, and the increase in both cases is proportional to the RA replacement percentage, as shown in Figure 5 (b).
e addition of RA enhances the chloride diffusivity of concrete. It can be explained as follows. On the one side, the inferior properties of RA, with a number of initial cracks and pores, result in an increase in the total porosity of the concrete, which provides more passageways for chloride penetration into RAC [44] . On the other side, the ITZ, with a loose structure and initial cracks, also reduces the chloride diffusivity resistance of RAC. Furthermore, Qin and Yang [45] determined that the chloride diffusion coefficient of the ITZ in the RA is about 5 times higher than that in the NA by a chloride diffusion test on the modeled RAC. e low resistance to the chloride penetration of RAC is mainly contributed to the inferior properties of the adhered old mortar, the removal of which is beneficial to enhance the resistance of RAC to the [36] .
As regards the RPC that was prepared with various amounts of RP content, Figures 6(a) and 6(b) show the influence of the RP content on the surface chloride content and the chloride diffusion coefficient of RPC, respectively. In the case where the RP replacement percentage is no more than 30%, it is worth noting that an increase in RP content leads to reductions in both the surface chloride content and the chloride diffusion coefficient of concrete. For concrete with 45% RP replacement, the surface chloride content and the chloride diffusion coefficient are both higher than those of concrete with 30% RP replacement.
e results also highlight that the concrete with 30% RP replacement possesses the best resistance to chloride diffusivity.
As RP has relatively high fineness and activity, it is possible that the hydration reaction of the mixed binding materials may be improved when RP is used to replace part of the cement, as presented in Figures 4(a) and 4(b) . In addition, RP microparticles can be regarded as a filling material and possess a microaggregate filling effect that can fill the pores and cracks in the concrete, increasing the density and decreasing the porosity of the concrete. is can be used to explain why the use of RP as an alternative reduces the chloride diffusivity of concrete. However, when the replacement ratio of cement to RP is too high (45%, for example), the number of hydration products drops significantly and an increase in the number of pores and cracks occurs. In this case, the positive effects that are caused by the RP's filling effect cannot offset the adverse effects that are caused by the decrease in the number of hydration products in the concrete. erefore, there is a final increase in the chloride diffusivity. Figure 7 shows the damage level of RAC with various applied loads (0, 40%, 60%, and 80% of the ultimate compressive load). It can be clearly noticed that the damage level increases with an increase in the applied load, and the increase becomes more obvious when the applied load is above 60% of the compressive load. After suffering the same load history, the damage level increases with an increase in the RA content in the concrete.
Chloride Diffusivity of RAC with Preloading Damage.
is suggests that RA has a negative impact on the properties of concrete under an applied load. is is due to the adhered old mortar and the ITZ of RA that contain a number of initial flaws, which are prone to form new cracks in the concrete under a compressive load. Figure 8 presents the chloride content curves and the chloride diffusion coefficient of RAC after various levels of sustained load. e results show that the surface chloride content and the chloride diffusion coefficient both increase as the loading levels increase, especially when the applied loads exceed 60% of the ultimate compressive load. After suffering the same load history, the surface chloride content and the chloride diffusion coefficient of RAC-100% are higher than those of NC, and the deference becomes more significant as the loading levels increase. Similar to NC, the increased load levels result in an increase in the numbers and widths of microcracks, which provides more passageways for chloride to permeate from the microcracks to RAC [41] . Furthermore, the higher load levels and repeated load cycles, which produce more cracks and flaws, further enhance the permeability of the concrete [46] . ereby, the chloride diffusivity increases as the applied load increases. However, the properties of RAC are more sensitive to the loading compared with those of NC [36, 47] due to the inferior properties of the adhered old mortar and the ITZ of RA. It is easier for cracks to form and develop in RAC than in NC exposed to the same loading levels, which results in the chloride diffusivity of RAC-100% being higher than that of NC. Figure 8 also shows the chloride content curves and the chloride diffusion coefficient of RAC after various cycles of repeated load. e results highlight that the surface chloride Advances in Civil Engineering 7 content and the chloride diffusion coefficient both increase as the repeated load cycles increase, and the increase is the most obvious during the first cycle of repeated load. For RAC-100%, the surface chloride content after 1, 10, 20, and 30 repeated load cycles is 1.17, 1.24, 1.30, and 1.32 times, respectively, higher than that without preloading, and the results become 1.41, 1.49, 1.60, and 1.69 times, respectively, higher than that without preloading for the chloride diffusion coefficient of RAC. Sun [48] found that the cracks in concrete keep on developing with an increase in the repeated load cycles when the applied load reaches 60% of the ultimate compressive load. ereby, increases in the cycles of repeated load lead to increases in the chloride diffusivity of RAC. However, due to the existence of initial cracks and flaws in the adhered old mortar and the ITZ of RA, it is easier for cracks in RAC to form and develop than in NC. ereby, the surface chloride content and the chloride diffusion coefficient both increase as the RA content in the concrete increases, after suffering the same repeated load histories. Figure 9 describes the correlation between the chloride diffusion coefficient and the damage level (D) of RAC. e results highlight that the chloride diffusion coefficient rises linearly as the damage level grows, and the addition of RA leads to an increase in the straight fitting slope, which shows that the use of RA improves the sensitivity of chloride diffusivity under an applied load condition.
e specific equation is also described in Figure 9 , where D RAC,L and D RAC,0 are the chloride diffusion coefficients of RAC with 
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and without an applied load, respectively; and k RAC presents the slope of the tting line, which is 2 × 10 −11 and 2.3 × 10
when the RA replacement percentages are 0% and 100%, respectively, and the value of k RAC with the other RA replacement percentages can be determined by the method of linear interpolation. e results above highlight the enhancement of RAC's chloride di usivity with the addition of RA and an increase in the applied load. e technology of digital image correlation (DIC) has been developed in recent years by using the random distribution spots on the target object to quantize the noncontacted deformation, and it is frequently used to reveal the development of cracks in concrete [49, 50] . Using the modeled RAC method [51] , this paper uses the technology of DIC to present the di erence between the development of cracks in NC and RAC when subjected to a compressive loading, and the results are described in Figure 9 . For the NC under a compressive loading, some of the cracks form along the natural aggregates, and most of the cracks develop along with the new mortar. For RAC under a compressive loading, almost all of the new cracks develop along the adhered old mortar, and the inferior properties of the adhered old mortar and the ITZ may further accelerate crack formation, which brings about more passageways for chloride to penetrate into RAC.
Chloride Di usivity of RPC with Various Amounts of Preloading Damage.
It can be seen from Figure 10 that the RPC damage level grows as the applied load increases. Moreover, the growth becomes more obvious when the applied load exceeds 60% of the ultimate compressive load. After su ering the same load histories, the RPC damage level increases as the RP content increases. is suggests that the partial replacement of cement by RP may improve the damage level of concrete after being subjected to the same loads. is is mainly due to the reduction in the number of hydration products as mentioned above. With the application of a compressive load, the RPC with inferior integrity has tended to produce new cracks, and the increase in the number of cracks leads to increases in the determined sonic time as well as the damage level. Figure 11 shows the chloride content curves and the chloride di usion coe cient of RPC after various levels of sustained load (0%, 40%, 60%, and 80% of the ultimate compressive load). e results illustrate that the surface chloride content grows as the number of loading levels increases.
e growth trend becomes more signi cant when the applied load exceeds 60% of the ultimate compressive load. After su ering the same load histories, the surface chloride content of RPC-30% is lower than that of NC. For instance, the surface chloride content of RPC-30% after 40%, 60%, and 80% of the ultimate compressive load is approximately 0.88, 0.91, and 0.93 times higher than that of NC, respectively. e results also highlight that the chloride di usion coe cient grows as the applied load increases. Figure 11 also describes the chloride content curves and the chloride di usion coe cient of RPC after various cycles of repeated load. It can be seen that the surface chloride content and the chloride di usion coe cient both increase as the repeated load cycles increase. Similar to RAC, the increase in the surface chloride content and the chloride di usion coe cient is most obvious during the rst repeated load cycle. However, the surface chloride content and the chloride diffusion coe cient of RPC-30% are both lower than those of NC after the same number of repeated load cycles, which illustrates that the addition of RP reduces the concrete's chloride diffusivity. Although cracks develop with the increasing of loading levels or repeated load cycles, RPC still has a higher density than NC due to the lling e ect of the SiO 2 microparticles that RP contains, and the chloride di usivity correspondingly decreases. Due to the addition of RP reducing the concrete's integrity and increasing its chloride di usivity sensitivity, the di erence between the chloride di usivity of RPC-30% and NC becomes smaller with an increase in the number of loading levels or repeated load cycles.
As regards the correlation between the chloride diffusivity of RPC and the imposed loading damage, Figure 12 shows the relationship between the chloride di usion coe cient and the RPC damage level. e results highlight that the chloride di usion coe cient increases linearly as the damage level grows. After su ering the same load histories, the RPC has a lower chloride di usion coe cient than NC. e equation is also described in Figure 12 , where D RPC,L and D RPC,0 , with the unit of measurement of 10 −12 m 2 /s, are the chloride di usion coe cients of RPC without and with preloads, respectively; D presents the damage level; k RPC is the slope of the tting line, which is around 2E −11 . Figure 12(b) gives the SEM images in the neat paste of RPC and NC, and a signi cant di erence of the composition can be seen.
e presence of a combination of a micropowder and C-S-H in RPC, rather than C-S-H only in NC, and the microparticles of SiO 2 that are obtained from the aggregates and brick in C&D wastes possesses a higher hardness and strength than C-S-H. Due to the existence of a microunit skeleton between C-S-H and the microparticles in RP, the applied loads can be wellresisted. Microcracks frequently develop in RPC, rather than relatively larger cracks that develop in NC. In addition, the microaggregate filling effect of RP can help dense the concrete that reduce the penetration of chloride ions, and thus RPC has lower chloride diffusion coefficient and surface chloride content than those of NC under the same loading condition. Figure 13 (a) shows a comparison of the chloride diffusivity of NC, RAC, and RPC with applied loads. After suffering the same load histories, RAC has a higher chloride diffusivity than NC, whereas RPC has a lower chloride diffusivity than NC. Figure 13(b) shows a comparison of the data that were obtained in this paper with those obtained by Zhang et al. [52] , and the relative chloride diffusion coefficient is used to quantize the effects of applied loads on the chloride diffusivity of RAC and RPC. For NC, the impacts of preloads on the relative chloride diffusion coefficient in this paper and in the previous study are similar. For RAC and RPC, the curvatures of RAC-100% and RPC-30% curves are both higher than those of NC, which suggests that the addition of RA and RP increases the sensitivity of the chloride diffusivity of concrete exposed to the condition of an applied load.
Based on the wide application of RAC and RPC in practice, this paper has been developed to quantize the effects of applied loads on the chloride diffusivity of RAC and RPC, which have received little consideration in previous studies. e results highlight that the addition of RA and RP has negative and positive effects on the chloride diffusivity resistance of concrete exposed to the condition of an applied load, respectively. It can be anticipated that recycled concrete mixed with both RA and RP may possess a similar chloride diffusivity resistance to that of NC, which will be further investigated in the future studies. 
Conclusions
is paper has investigated the e ects of applied loads on the chloride penetration behavior of RAC and RPC. According to the results of this experimental work, the following conclusions can be drawn:
(1) Without an applied load, the chloride di usivity increases with the increase of RA content, and there is a good linear relation between the chloride di usivity and the RA replacement percentage in concrete. RPC has a lower chloride di usivity than NC. After su ering the same load histories, the chloride di usivity decreases with the increase of RP replacement percentage when the RP content is below 30%, whereas the chloride di usivity raises with a further increase in RP content in concrete. (2) When exposed to applied load, the chloride di usivity of RAC and RPC both increased with an increase in the applied loads or the repeated load cycles, and the increasing rate of RAC and RPC is higher than that of NC. After su ering from the same load histories, the chloride di usivity of RAC is much higher than that of NC; however, the chloride di usivity of RPC is still lower than that of NC. (3) After su ering from the same loading levels, the increasing rates of the chloride di usion coe cient of RAC and RPC are both higher than that of NC, which indicates that the addition of RA and RP improves the chloride di usivity sensitivity of concrete under an applied load condition. In particular, the chloride di usion coe cient increases linearly with the increasing of induced loading damage for RAC and RPC, and the related equations can be used to quantify the chloride penetration behavior of RAC and RPC by the values of induced loading damage. (4) e chloride penetration test was carried out on the specimens after unloading in this study, whereas the chloride penetration into RAC and RPC is frequent along with the sustained loading, which should be investigated in the future. e lower applied loads (below 40% f c ) and the higher applied loads (above 80% f c ) should also been considered. Considering the negative impact of RA and the positive impact of RP on the chloride penetration behavior, the e ects of the applied loads on the chloride penetration behavior of recycled concrete mixed with both RA and RP would be investigated in the further studies.
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